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EXECUTIVE SUMMARY

The literature review (88 references) discusses the occupational heaith
and safety of urea-formaldehyde resins.

Urea—formaldehyde resins are thersosetting plastics used extensively in
adhesive, molding, laminating, coating, insulation, textile and paper treat-—
ment. These resins are z nixture of condensation products of urez and for-
maldehyde. The coz=pcsitioa and structure of these products depend on: a)
conditions of the reaction, b) degree of polymerization, and c¢) molar ratic
of the two cozponents. The foan fora of the resin is prepared by the inter—
action of urea and formaldehyde in the presence of a catalyst and a surfactant.

Low =olecular weight products exist either as a water-soluble viscous
liquid or a white powdery solid. These are converted by heat or acid into high
poly=eric for=s which are water-insoluble amorphous solids.

These two groups
of resins will be discussed separitely.

The high polyzeric forms ot the resias are colorless, transpareat, odor-
less a=¢ tasteless solids, insoluble in cold water, cold dilute acids or
alkalis. Thney are not affected by cozmor orgaric solvents, oil or grease,
but are decozposed in boiling wvater or in kot strong acids or alkalis. Xo
studies or their effects on birds, aguatic organis=s or wildlife are found
in the literature. When the resins are ingested by animals, they are ex-—
creted in the feces without being metabolized. Since thev are very stable
under asbieat conditions, accuzmulation in the environzent is expected.

The low molecular weight condeasation products, on the other hzand, have
gueite different properties and effects. They are soluble in water and alcohol

and deco=pose easily with the release of formaldehyde, which is the =ain cause
of toxic cffects.

Formaldehyde is highly irritating to eves, skin, znd m=ucous =tz=brane.
It is generated (1) during manufacture of the resins because it is one of the
co=ponents, (2) during processing of the resins when heat is applied, such
as =oldiag, lzminating, etc., {(3) from resin products which contain inco=pletely
reacted for=aldehyvde, and (4) fro= finished products which are not co=pletely
poly=erized and decozopose slowly to release formaldehyde.

Toxicity studies on urea-forz=aldehvde resins have focused upon the
effects of formaldehyde which is generated as discussed above. FEye irritstion
was reperted z=ong factory workers a2nd store cxplovees where resin—treated
fabrics were sold. Dermatoses developed z=ong persons who caz=e into direct
contact with the resias, such as workers engaged in processing the resins

and individuals wearing clothing =ade fro=m resin-treated fabrics, which con—
tain insufficiently polymerized resin.
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The low nolecular weight condensation products exert different effects
on microorganisms depending on the properticon of urea and formaldehyde in
the product. W¥hen the quantity of urea is less than that of formaldehyde,
the product has antibacterial activity and has been used clinically to treat
certain skin infections. RWhen more urez is present than formaldehyde, the :
resulting product can be degraded by soil microorganisn into soluble nitrogen ;
cozpounds so that the product can be used as fertilizers.

- k- in the environrent the highly polymerized resins are stable to degrada-—
g~ tion under ordimary use-related conditions. Although they are non—-fla==able,
- they do decozpose by incireration to release toxzic gases such as hyvdrogen

cyanide, carbon ronoxide and ammonia. The low molecular weight condensation
. b products are easily degraded chemically in hot water, dilute 2cid or alkaline
d - solutions, and biologically by soil microflora.

3 Ko reports on carcinogenicity, é:tagenicity, or teratogenicity of urea-
formaldehyde resins were found in the literature. Xeither are there any
studies on the effects on aguatic organisms, birds, or wildlife,

There are no industrial threshold limit valuzs for usrza-formaldehvde
resins. Safety practices involve mainly the preventicn of hazards produced
by formaldehyde, such as enclosed cperations, adeguate veatilation, cool roo=
tezperature, protective clothing and creams, persounal hygiene., medical check-~up,
and education of workers.

Special rmethods for sazpling and analysis of these resias are discussed.

Their impact on the eavironment is assessed and reco=mendations feor
further studies are provided.
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ABSTRACT

The Problem Definition Study provides a literature review (88 references)
on occupational health hazards and environm=ental impacts of urea-formaldehyde
resins. This study covers the physical and chezmical properties, toxicity
ia humans and aninmals, effects on =icroorganis=s, plants, and soil organis=s,
pharmacokinetics, fate in the envirornzent, industrial safetv standards and
practices and sazmpling and analysis of urea—-formaldehyde resins. Environ-
=ental impacts are discussed and recom=endations for further studies are
provided. Urea-for=aldehyde resins are mixtures of condensation products
of urea and formaldehyde with indefinite com=position, and structure depending
on the degree of polymerizaticn. The highly poly=zerized resins are inert
solids which are very stable under a=mbient conditions and are not readily
degraded in the environ=ent. The low molecular weight condensation products
are viscous liquids or powdery solids which decompose easily, releasing free
forzmaldehyde that is highly irritating to eves, skin and mucous mecbranes of
huzmans and animals. They can be used as antibacterial products. If —ore
urea than forcaldehyde is present in the low molecular weight condensation
products, they can be applied as fertilizers which are slowly degraded by
soil microflora to release soluble nitrogen for growing plants. Xo reports
on the effects of urea-formaldehvde resins on carcinogenesis, mutagenasis or
teratogenesis were found in the literature, nor were reports on their effects
on wildlife cr aquatic organisz=s available. Although these resins are non—
flacsable, they do decompose under py¥rolysis giving off toxic gases such as
hydrogen cyanide, carbon monoxide, z==ornia and carbon dioxide. There are
no TLV or OSHA standards set for urea-formaldehvde resins in the workroo=z
environzent. Industrial safety practices involve the prevention of nazards
caused by the release of formzldehvde. Special sasmpling znd analytical
wethods are discussead.
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FOREWORD

The industrial hygienme and occupational health research progran of
the U. S. Army Medical Bicengineering Research and Development Laboratory,
Fort Detrick, Frederick, Marylend was imitiated to study L2alth problems and
recommend criteria for occupational exposure to military-unique chemicals.
This Problen Definition Study (PDS) has been prepared as part of the research
progran uvnder Contract Xusbher DAMD-17-77-C-7020 in order to provide the
published data relating to occupational health and safety aspects and environ—-
mental effects of urea-formaldehyde resins. These resins are mixtures of
condensation products of urea and formaldehyde. The subjects covered in
this report include physical a2rnd chemical properties. toxicity in humans
ard animals, effects on plants, microorganis=s and <cil organiswms, pharmaco—
kinetics, fate in the environment, industrial hygiene standards and safety
practices, sa=pling and amalysis. Enviromnmental irpacts are discussed and
reccoxendations for further studies are provided.
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1. INTRODUCTION AND STATEMENT OF PROBLEM

The main objective of this study is to provide 2 literature review and
ap evaluation of the health hazards and environmental impacts of urea-
formaldehvde resinms.

Urea—-formaldehyde resins are mixtures of condensation products of urea
and formaldehyde; there is no single composition or structure. These
resins are thermosetting plastics widely used in adhesives, surface coatings,
wolding of plastic objects, insvnlation, and textile and paper treatrent.
The present study provides a literature review covering physica2l apnd chemical
properties, toxicity in humans and animals, effects on microorganisms and
plants, pharmacokiretics, fate in the environment, sampling and anzlysis,
industrial health hazards and safety standards. Environmental impacts will
pe discussed and recommendations for furtber studies will be given.
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IT. PHYSICAL AND CHEMICAL PROPERTIES :

Urea-formaldehyde resins represent a group of condersation products of
urea and formaldehyde for which there is no definite ceoposition or structure.
Depending on the conditions of the reaction {pH, temperature, catalysts, etc.)
and the moiar ratio of urea and formaldehyde, the condensation products may
exist as a water-soluble viscous liquid, a2 white powder, or a colorless,
transparent, amorphous resin. They belong to the class of thermosetting
plastics because they are heat semsitive and therrofusible. When cuzied by
heat or acid, condensation products are converted to higher polvemeric forms
which are hard, water-.asoluble, nonflammable, heat and electric arc resistant.
Various fillers and derivatives may be introduced into the resin to meet specific
requirenents. The physical and chenical properties of these resins will be
discussed in the following section.

A.  HISTORY

The reaction of urea and formaldehyde was first investigated by A. Hblzer
(188%4) and C. Goldschmidt (1896). During the 1920s, intensive studies were
conducted in Europe to find use for the zdhesive properties of the intermediate
products and the inert quality of the cured final products of urea and form-
aldehyde. Applications in nolding, laminating, coating, insulating, and textile
and paper treatment were investigated. The first comsercial products appeared
around 1930 (1-3). The chemical names, synonyns ané trade names of urea-
fornaldehyde resins are listed in Table I.

B. PHYSICAL AND TECHXICAL PROPERTIES

The siople condensation products of urea and formaldehvde (the monomers
and dimers) are viscous liquids which are soluble in water and in alcohol.

The intermediate products (polymers of moderate molecular weights) are
amorphous powders solubie in pyridine, aqueous formaldehyde, formic acid, and
dilute mineral acids (with some decozposition).

The cured final preducts are high molecular weight colorless transparent
solids, which are insoluble in cold water and decomposed in boiling water.
They are colorless and tasteless, and are relatively unaffected by common
orzanic solvents, oils, greases, coléd dilute acids or alkalis (but are decom—
posed by hot acids or alkalis) (1-4}). Thev do nct discolor with time or light,
but are aifected by changes in hunidity (contraction and expansion) because
the final products contain a small percentage of water. The slow evaporatinn
of this water with time also causes tiny cracks and slight distortion of the
final products (1-3).

¥arious fillers, such as cellulose, wood flour, pigmeax:, wineral, asbestos,
glass fibers, etc., are added to the resins to reinforce tneir strength and
: E improve their quality for molding purposes. Alcchel derivatives, especialily
- n-butanol, are introduced to improve the solubility of the resins in non-
aqueous solveats when they are used as surface coatings {1-3). The physical
- and technical properties of urea-formaldehyde resins are listed in Table IIi.
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- 1, NAMES OF UREA-FORMALDEHYDE RESINS ;
g Chen. Abs. Reg. Wo: 9011-05-6 Yolecular formula (CHyN;0,CH20)
. Systematic Nape: GUrea, Polyrer with fermaldehyde (Chemical Abstracts 9th C I) !
. ;

Synonyns: Methylene-N,N"-bis (hydroxymethyl) urea polyrer
urea-formaldehyde copolymer

. urea—formaldehyde resin

- - urea—-formaldehyde condensate

) urea—formaldehyde precindensate

urea—forraldehyde primary condensate

urea—fornaldehyde polvrmer

urea—-fornaldehyde prepolymer

urea—formaldehvde oligorer

urea—formaldehyde adduct

paraformaldehyde-urea resin

parafornaldehyde-urea polyner

formalin-urea copolymer

form=aldehyde ccpolymer with urea

Uramite - DuPoat, E. I. DeNexours & Co., Biochenm. Dept.

Anaflex -~ Ed. Geistlish Sohne AC, ¥Wolhusen, Switzerlard.

Cascc UL 20 - Borden Chem., Div. of Berden Inc.

Piatherm

Pianizol

Noxylin

Ponoxylan ~ Berk Pharmaceuticals, England

Poiynoxylin -

Hygro=ull - BASF, Germany

Mouldrite 3256

K 311-92

TSI

MFPS-1
78 F-1
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C. CHEMISTRY AND MECHAWNISM OF REACTIOX

Commercially, these resins are prepared by condensing various proportions

of urea and formalin (35-40Z aqueous solution of forealdehyde) in slightly
alkalina conditions.

The mechanisn for the condensation of urea and forzaldehyde is very com—
plicated. There are various possible pathways by which the four replaceable
hydrogen atoms of urea can react with formaldehyde to produce three dimensional
structures. The properties of the firal products are determined by 2) the
Dolar ratio of urea and formaldenvde, b) reaction pH #nd tezperature, c)
catalyst employed, and d) extent of condensation. When one mole of urea
reacts with cne or two moles of formaldehvde at "ordinary tewperatura” in
slightly alkaline solutioas {pH 7.5-11), white crystalline monomers are ob—
tained which are soluble in water and melt at 111°C (for monomethylolurea)
and 126°C (for dimethvlolurea). 7The melting points for the monomers are not
sharply defined because they tend to polymerize at high tewperatures (110°-
165°C) yielding armrphous substances which melt at 260°C with decomposition
(1,2).

0 0 0
b2 4 s
H,XCXH, + HCHO —> H,XCNHCH,0d ool

> HO&zKEQ‘HCRzOﬂ

monoz=ethiylolurea dizethylolurea

Ia acidic solutions, these —ethylolureas are converced to insoluble white
granular deposits which are similar to the "Goldschmidt's compound™ with the
form=ula:

o - e o 0
-2320 " 1]

> HC=NCXiECH,08 —> [Cl,=XQGICH, NACNHCH,08]

BOCH,NHCNECH,0H

Further condensation by elinmination of water probably proceeds through the
following steps:

(1) formation of methylene linkages,

° % o 2 o

-C3HCH,08 + HoNC- > —CHCH,NEC-

(2) formatior of methylene ether linkages,

0 O o © 0

—-CXHCH,CH + EOCH, NHC- > XHACH,—-0-CH,NHC-

These interzediate products react with core formaldehyde or methylolureas
to fora branched—chain, cross-linked polyz=ers which are insoluble and infusible.

The curing process is accelerated ty high tezperature and acidic conditions
(1,2).

The cured resins do not burn on frez flame but crack and char with the
odor of burned fish. Pyrolysis studies showed carbon diosxide, carbon monoxide
and hydrogen cyvanide are the major gaseous products (9-12).
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IIY. HUMAN TOXICITY

In view of the literature available to date the com=pletely cured urea-
for—aldehyde resins do not appear to be toxic. However, duering the maaufacture
of these resins, one of the starting co=pounds, formaldenhyde, is highly ir-
ritating to eyes, —ucous mecdranes and skin. The other starting wmaterial,
urea, has not been shown to be toxic (1). The inco=pletely cured resins or
the low molecular weight condensation products may contain unreacted formalde-
hyde which could produce toxic syoptoms. Under inefficient cocbustion con-
ditio:s these resins release toxic gaseous products, such as carbon monoxide,
nydrogen cyaride and a==onia, which nay be the cause of death of some fire
victis=s (9,10).

Although urea formaldehyde resins are preseant in nuz=erous products utilized
daily, very few cases of unpleasant reactions dus to their ezployment have been
reported in the United States. The primary toxicity of these resins cozes from
occupational contact of the starting materiai {forrmaldehyde vapor or the dust
of the low molecular weight condensation products) and the use of products con-
taining inco=pletely cured resins wvhich release formaldehyde graduallyv. Most
of these incidents were reported outside of the United States. 1In the follow-
ing sections the effects of urea-formaldehyde resins on eye irritation, inhala-
tion and skin contact (dermatoses due to occupational coatact and to use of
products) will be discussed. There are no reports on iil effects due to the
ingestion of these resins. Only a brief discussion on the effects of formal-
dehyde will be given below. A detailed toxicological report oa formaldehyde
appears in a XIOSH criteria docuzent (13).

A. EYE EXPOSURE

In Japan, Tojo and Tsuji reported two cases of lacrim=al seasitivity to
izported synthetic materials (14). A 52-year-old wo=an and her 19%-year-oid
daughter experienced excessive lacrination whenever they were in a shop sell-
ing syathetic fabrics. The gaseous material responsible for this effect was
found to be formaldehyde which was released fro= fabrics treated with for=al-
dehvde resins to izprove their wrinkle and shrink resistance and water repel-
leacy. The inco=pletely reacted formaldehyde, and/or that produced fro= de-
co=position of the resin, were releazsed gradually from the treated fabrics,
thus causing extreme lacrimation in exposed individuals. FE=ployees of
fabric stores were constantly aifected by these fumes and loss of custozmers
was reported (15).

B.  INHRLATION

Volkova and Sidorova detected formaldehyde in the blood of 100 workers
who were exposed to urea—-formaldehyde or melamine—formaldshyde resins (16).
It was present in the blood 15-70 ninutes after work and diszppeared in
18 hours. Blood levels of formaldehvde were directly related to that in the

air. It was also detected on the skin and clothing of workers exposed to high
concentrations of formaldehwvde in the air.

Female workers exposed to various coacentrations of formaldehyde from
urea-formaidehvde resins were repcrted to suffer ili e“fects [17). enstrual
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disorders, such as dysmenorrhea, were recorded 2 1/2 times as often as in the
controls. There were also corplications in the course of pregnancy, such as
toxenias, anexia, and interruptions at differeant terms of pregnancy. Froz
this group of workers, 26.97 of the children were boran underweignt (from
2500 to 3000 g) as cozmpared to 11.3Z in controls.

C.  SXIX CONTACT

1. OCCUPATICNAL DERMATOSES

In 1936, Schwartz reported many cases of dersatitis due to hypersensitivity
to formaldehyde among workers manufacturing urea-formaldehyde resins (18,19).
In two factories surveyed, where modern c—achinery and safety appliances with
adequate ventilation and dust prevention facilities were installed, only four
cases of dermatitis were reported amoang 190 eoployees during a period of over
tvo years. In contrast, 26 cases of der=atitis occurred in the first 10
zonths of 193% acong 300 workers in 2 molding plant in Ohio; 18 of these cases
occurring during the hot su==er months. The effect of high acbient te=pera-
ture and inadequate ventiiation was also apparent vhen half of the workers
(nu=ber not given) e=ployed in a =olding plant in Pennsylvania developed derma-
titis in the su==er of 1935.

The Michigan Depart=ent of Health of the Bureau of Industrial Hygieme
reported a severe outbreak of dermatitis in 1943 due to exposure to forz=alde-
hyde resins (including phenol-, urea- and —melamine-formaldehyde resims) (20).
The study involved 4 factories in Western Michigar e=ploying 2,370 workers,
355 of which developed der=atitis; =any severe cases (nusbers not given) re-
quired hospitalization. The onset of dermatitis occurred from 3~6 weeks after
initial exposure to the formaldehyde resins and lasted fro= several days to
a few oonths. So=e individuals =ay have develcped imzxmmity after initial ex-
posure and did not react to for=aldehvde on subsequent contact. Should chese
individuals later lose their i==unity, 2 severe case of dersafitis might ensue
(20).

Qutside of the United States, zost of the occupational ders=atosis cases
were reported in the Soviet Union (16,17,21-25) and a few in other coumtries
ESs {26-29). 1In a factory producing veneer, examination of 198 workers showed
der=atoses in those who had been working with liquid resins for 1-3 =onths
- (21). Local treatment with an ointment coataining zinc {7 not available) and
0.5% prednisolone elininated the condition in 7-10 days. Freguent washing of

*- the exposed skin with 0.5Z azmoniuzm hydroxide solution reduced the incidence
3 = of der=atoses. The quartity of formaldehyde in the resin could also be lowered
e E ¥ to 0.5-1.0% by the addition of azrwnium hydroxide to the resia (21).

In two large furniture plants a high incidence of dermatoses was reported
= B (22). Thke greatest effect was produced by a) resins in a pure state, b) for-
L’ e =alin and c) polyether varnishes. The authors suggested preliminary medical
examinations of newly engaged werkers using specific tests, and monthly exam-
3 inations during the first 6 months of work. They aiso suggested that a sec-
ticn te included in =anuals on the unhealthy conditions in furniture plants
vhere urea-forzaldenyde resins were used, in order to instruct the workers in
the proper hygienic and safety practices.
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El-Sayad claired that the skin sensitizing action of urea-formaldehyde
resins was not due to the high concentrations of free forrmaldehyde, but mainly
to the polycondensation products (23). A clinical investigarion of tke sen-—
sitizing effects of pure formaldehyde solution, polymeric cordensation pro-
ducts, arnd monomers on 74 patients vho suffered cccupationzl dermutosis showed
that phenol-forzaidehyde resins had greater skin sensitizing effects than
urea—-formaldehyde resins. The author concludad that allergic dermatosis was
caused by the resins and not by free formaldehyde. Presence of the latter
could increase the probability of the occurreance of derzatosis, but formalde-
hyde itself dié not produce the allergenic effect.

During a dermatological exanination of 33 women workers exposed to syn—
thetic binders while =aking glass-wool cylinders, 21 cases of pruriginous
skin diseases, @ cases of ecze=a and 13 cases of dry skin and slight erythe=a
were reported (25). The synthetic binder consisted of urea-formaldehyde
resins modified with vinyl derivatices and contained 0.57 iree formaldehyde.
Sensitization developed after 3-4 =onths on the job; the condition was en—
hanced by skin injuries caused by the glass—wool.

Other cases of occupational dermatoses have been reported in persoas
working with resins for processing noncrushable fabrics (26,27), for coating
anticurl substances (28), and for appiying glue on toilet rolls (29).

2. DERMATOSES Ii USERS OF UREA-FORMALDEHYDE PRODUCTS

In addition to the dermatoses caused by occupational contact of urea-
forzmaldehyde condensation preducts, there were cany cases of skin irritatiom
(=ostly reported outside of the United States) due to the use of products
that had been treated with urea-formaidehvde resins to izprove their qualities,
such as ™wet streagta™ facial tissues, and non-shrinkable fabrics that are
wveter-repeilent and wrinkle-resistant. The =2in caus2 of trouble was due to
the incompletely cured resin resmaining in fabrics vhich were not thoroughly
washed before being sent to the m=arket. The residuzl for=aldehyde would cause
skin irritatioa and der=atoses in people wea2ring clothing made fro= these
treated fabrics. Such cases will be discussed in detail.

Sensitization to "wet strength™ facial tissues impregnated with urea-
forsaldehyde resins was studied by Peck and Palitz (30). The z—ount of resinms
applied to the tissue is usually less thaz 2%, but the temperature required -
for co=plete cure of the resins is so high that very few paper m=achines are
equipped to produce co=pletely cured tissue. The formaldehyde fro= the in-
coz=pletely cured resin can preduce dermatitis in individeals sepsitive to it,
A patch test on 50 people (15 males; 35 females) with "™wet strength” tissue
on one arz, and another tissue without any additive on the other ara showed
that 6% of the people tested (3 out of 50 — 2 female; 1 =2le) had sensitive
reactions to the treated tissues. Xo reactions were observed from tissues
that did not coatain additives.

Since the introduction of resin-treated textiles in 1926, only a few
cases of contact dermatoses due to the use of these fabrics have been reported
within the United States {(31,32,33), although =any cases were reported in
Eurcpean countries (153,3%,35). An early report was =ade in 1950 by Schwartz
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. of the United States Public Health Service after an outbreak of dermatitis

- among the general populaticn of the United States and Canada caused by wearing
clothing made from such treated fabrics (31). The odor of formaldehyde was
readily detectanle from= these fabrics and its concentration was found to be

B 8-100 =g/10C g yern. The author suggested that manufacturers should perform

b - skin tests on anirals and hu=ans before sending the products to tue market.

' In addition, treating these fabrics at higher temperature and pressure to con-
plete the curing process, and thorough washing of the finished product would
also reduce the concentration of free formaldehyde.

e w ey g e~y
e A P A
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Fisher et al. investigarted the proble= by (1) detecting the presence of
free forzaldehvde in textiles, (2) making patch tests on humans with sazples
of suspected fabrics, and {(3) having subjects wear clothes made from these
fabrics (36). It was found that all samples of textiles treated with formal-
dehyde resins gave positive reaction with the qualitatitive chromotropic acid
test (see section on amalysis)}. Control sa=ples of untreated textiles showed
negative reactions. FPatch tests on Z0 patients (8 males; 12 females), who
previously gave pcsitive reactions with 2-57 formaldehyde solutions (as patch
icests), shewed negative results with 8 treated textile samples containing
varying azounts of frez formsaldehyde. Xone of these formaldehyde sensitive
3 individuals developed dermatitis after wearing clothing nade fro= these treated
33 fabrics. The authors concluded that the quantity of free formaldehyde in the
test materials was not sufficient to elicit a positive patch test in individuals
who reacted to 2-3% form=aldehyde solutions. By applying similar =ethods of
investigation, a few cases of contact dermatoses due to resin treated fabrics
have been studied (32,33).

Outside of the United States, =any cases of contact eczesa and dermatitis
caused by the formaldehyde from treated textiles have been reported. Im Xorway,
a patch test was conducted on 2,110 patients during 1953-1958, and 137 (6.3Z
average — 3.36Z for males and 9.05Z for females) were found sensitive to 4%
aqueous forzaldehyde (15). Of these 137 patients with positive rsactioms,

69 of the= (2§ =ales; 45 females) had formaldehvde eczewma; the rezaining 68
(27 =2les and 41 fezales) showed no significant clinical sympto=s (15). Siace
more wc=en than men reacted to for=aldehyde and to the treated fabrics, the
author suggested that wo=en might have been sensitized to the fcr=z2ldehyde
included in antiperspirant preparations which =en used less extensively than
wozen. 1This =ay also be the reason for the paucity cf contact dercatoses

in the United States because forzzldehyde is not used in antiperspirants in
this country.

4 study conducted in Denmark showed that during 1952-1960 the incidence
of formaldehyde eczezz due t treated fabrics had been rising vhereas that
caused by antiperspirants had disappeared (3%). 1I= 1960, formaldehyde in
treated fabrics was responsible for 507 of the contact dermatoses in Densark
because even small anounts of free formaldehyde in the fabric czm elicit
dermatitis in perscas already sensitized by prior utilization of antiperspir-
ants. A si=ple screeming test was used on 95 patients {30 male; 66 fexmale);
35 (5 m=ales; 39D feszales) showed positive reactions with treated textiles (35).
In the Xetherlands, a patch test was conducted on 66 patients with 37 sub-
stances (including urea-formaldehyde ccendensation products) used in treating
textiles. Only 7 patients reacted positively o formaldehyde, having been
sensitized previously.
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IV. EFFECTS ON EXPERTMENTAL ANIMALS

7 There are only a few reports in the literature describing animal experiments
E on the toxicity of urea—-formaldehyde resins. The co=pletely cured resins are
% generally considered to be nontoxic (7,37). The adverse effects of the urea-

formaldehyde resins on animals are apparently due to the presence of free for-
maldehyde. It should be kept in mind that the prcducts used for the expericents
discussed in this report vary in their cormposition and free formaldehyde con-
tent vhich greatly influences the effects of these resins. A su—mary of these

K studies appears in Table III.

A, ORAL IXGESTION

The acute oral toxicity of a condensation product of vrea aad formaldehyce
trade naz=e, Anaflex, manufactured by Ed. CGeistlich SGhne AG, ¥olhusen, Switzer-—
land) was determined in guinea pigs (37). The substance was administered in the
forz of tzblets (inserted down the esophagus) to 6 groups of animals (5 per
group) at single doses of 480-2320 og/kg of body weight. All animels survived
without any pathological changes during the test itself and the 8-day observa-
tion period.

The subchronic toxicity of the sa=e product was deternined using rats
(strain, sex, age and nuzber not given) given daily doses, for 9 weeks, of
1 g/kg bedy weight in the form of a 207 polvsorbate sclution adninistered with
2 pharyngeal tube. Histological examination of the rats did not reveal a2b-
nor=alities in the intestinzl tract, liver or kidneys (37).

Urea-forzaldehyde resins were given to 2lbiro rats by gavage at 5 glkg
every other day for 6 days (3 doses). Fifty rats were used to test 3 plastic
materials but the nunber given urea-formaldehyde was not specified. Xo toxic
effects were observed. There were no changes in weight gain, in the nervous
systex (central or peripheral not specified), or in the blood picture. Addi-
tional details were not provided {38).

The effects of oral administrztion of a commercial preparation of urea-
formaldehyde resin, Ura=ite, as a non-protein nitrogen source in anisal feed,
were studied by Andersom et al. (39). OGrade Hampshire wether lashs (average
weight 29.25 kg, 2 per group) were fed diets containing 2Z, 4%, 87, 167 or
327 of Uranite, plus a sufficient percent of urea to equal 1007 supplenentary
non-protein nitrogen. The maximm amount of feed which would be copsumed co=-
pletely ty ali the lacmbs was established during an adjustment period (duration
not given). The lazbs were then fed the rations at the previously established
Jevels. The collection period began after all animals had consisteatly con-
suned their entire ration for 10 consecutive days. Daily excreta were coi-
lectad for 10 days and analyzed for nitrogen output. Results showed that much
of the nitroger. in Uranite was excreted in the feces. 7Tne replacement of
4-32X of urea by Uramite reduced the digestibility of crude protein (p<0.05),
and 2-4% of Uramite reduced the digestibility cf crude fiber (p<0.01). Xo
toxic effects were observed (39).
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B.  DERMAL APPLICATIOX

Two types of urea—formaldehycde resins (MF-17, 29% free formaldehyvde,
oH 8.3; UKS, 1.2% free formaldehyde, pH 9) (specific formulation not given)
were studied for dermal effects on 10 albino guinea pigs (300-350 g). The
resins were applied on the skin by the co=press rethod on one occasion and
repeatedly by sizple application (duration not given). The MF-17 resin caused
erythema, dryness of the skin, desquamation and superficial cracks in 7 out
of 10 animals. Three anirals were found sensicized on the 25th day. The UKS
resin caused erythera in 3 out of 10 animals on the 4th dav; 8 out of 10 anicals
showed skin irritation on the 1llth dav. Tte twe resins contained different quanti-
ties of free formaldehvde but produced similar degrees of irritatioa. The author
concluded that the sensitizing effect is not dee to free formaldehyde (23).

Lu=ps of urea-form=aldehyde resins were applied to the skin of & rabbits,
4 hours a day for 4 davs. ¥Xo cutaneous changes were observed. Additional
detaiis were not provided (38).

C. DXBALATIOX

When urea-formaldehyde resin (80-85 g) was heated at 35-65°, no =easurzble
quantity of urea was released. Rats (nuzber not givemn) were axposed to the
volatile corponents (diluted te 100 liters) 2 hours per éay for 12 days.

Xo toxic effects were observed (38). The report did not —=ention vhether free
formaldehvde was released or how the rats were exposed.

The texicity of the gaseous products released by co=bustion of urea-
formaldehyde resin was tested with Sprague-Dawley rats (2 controls and 2
treated). The co=bustion effluent was generated by heating the resin at
1100°C. The effluent was kept zbove the dew point to prevent condensation
and adjusted to 24°C and 507 hunidity with cool dry air before enteriamg the
exposure chasher. Rats exposed to the effluent (duration cot given) suffered
eye irritation and "heavy" breathing. Gross syzpto=s disapreared within a
week after exposure.

D. EYE APPLIC2TIOX

Hhen powdered urea—~formaldehyde resin was introduced into the conjunc-
tival sac of & rabbits (duration no: given), the resin pozder. causad
transient lacrimatioa but no inflam=ation (38).
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V. CARCINOGENICITY, MUTAGENICITY AND TERATOGENICITY

No reports on carcinogenicity, mutagenicity or teratogenicity of
urea-formaldehyde resins were found in the literature.

¥I. EFFECTS ON DOMESTIC ANIMALS AND WILDLIFE

There are no reports in the collected literature concerning the effects
of urea-forzaidehyde resins on domestic animals or wildlife. For urea-
formaldehyde petabolisnm-in la=bs, see Chapter XI.

VII. EFFECTS ON AGUATIC ORGAXISMS

Yo studies on the 2ffects of urea-forraldehyde resins on aquatic
organisus are zvailable.
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K VIII. EFFECTS ON MICROORGANISMS
?
I The completely cured urea—-formaldehyde resins in highly polymerized forms

have no apparent effects on microorganisms nor do microorganisms attack the
resins (40). The effects of low molecular weight condensation products
: ' on microorganiscs depend on the molar ratio of urea (U) and formaldehyde (F).
N VWhen the ratio is less than umity (O/F < 1) the excess formaldehyde in the
- resins exert an antibacterial effect which has been applied clinically to
- ' trzat certain skin infections. When the molar ratio is greater than one
(U/F > 1), the cured_resins can be used as fertilizers because soil micro-
A organisns can attack and break down these products to provide a nitrogen source
) for growing plants (see Biological Degradatioa). The antibacterial and anti-
fungal effects of urea-formaldehyde resins are as follows.

The bacteriostatic action of the condensation products of urea and
formaldehyde was first reported by Brodhage and Stofer (37). A product pre-
pared by 2 wmodified process under the trade name of Anaflex (E£d. Geistlich
Sthne AG, Wolhusen, Switzerand) is a colorless powder, insoluble in water,
and decomposes at 200°C. The bacteriostatic action of the pure sub-
stance was tested oa blood-agar piates inoculated with 9 strains of bacteria.
After 16-18 hours of incubation, the diameters of the inhibition zones caused
by 10-25 =g of the substance were: 26-32 =x for Staphylococcus amereus hemo-
tyticus, 30~48 = for Sirepiccoccus vyogenes rerolyiicus, 19-29 =m for Sirepio-
coccus jaeecalis, 26-35 m for Salronella paratuphi B, 29-40 mm for Salmonella
typkt, 15-19 ma for Pseudsoronas aerugirosa, 23-353 = for Protfeus vulcaris,
15-20 == for Escherichia coli; and 25-28 mm for Listeria rorocyioceres. The
dianeter of the powder spread was 8-10 =n. The authors concluded that Anaflex
had good bacteriostatic action in vitro against gram-negative and gram-positive
bacteria (37).

Since many strains of Sicohyloccecus are resistant to antibiotics, the
bacteriostatic effect of this product was tested on six "distinct™ Siaprylo-
eoccus strains. The results show that the effect in viZro is dependent on
the antibiotic resistance of the Siaphulococcus strains individually {data

not given) (37).

o

*

Haler showed that &naflex or polymoxylin, prepared by curing the
water-soluble condensate of urea and formaldehyde at alkaline pH, exhibits
broaé-spectrux bacteriostatic properties (41,42j. This is different from
condensation products of urea and formaldehyvde cured with acid reageats at
either high or low temperature which do not show any bacteriostatic activity
(41). The tests were carried out by Fleming's disk and ditch methods because
of the low solubility in water of the product. Tests in liquid nedia were
nade with 17 suspensions of the test material .
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A total of 37 species (580 strains) of bacteria amd tungi were tested:
these were 125 strains of Stapizjiococeus aireus, 59 of Sireptococcus pFocenss,
210 of Escherichia coli, 82 of Proteus vulgaris, 39 of Pseudomonas Geruginosa,
18 of Candidz albicans, 24 of Epider-opkyion jloccoswn, and 23 of Tricropryion
spp. All (except 3 strains of Pseudomoras aerugirosc and 3 strains of Ca:%u;a
aibicans) were found sensitive to Anaflex, including those strains of Staphyio-
eoccus qureus resistant to penicillin, tetracycline, and othetr antibiotics.

Mo resistance of Siapiylococcus mureus, Strepiococcus progenes or Pseudoronas
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aeruginosa against Anaflex could be induced by repeated sub-culturing up to

160 passages. Water was found essential for the bacteriostatic activity of
Anaflex. The preseace of serum, blood or pus in the agar also increased the
inhibition zones of Staphylococcus aureus. Viruses of herpes sinmplex, vaccinia
and polionmyelitis, however, were not sensitive to Anaflex (42).

The antibacterial effect of polynoxylin was tested with 170 strains of
Proteus vulgaris, Proteus morcanii, Salronella ityphosa, Xlebsiella prewmoniae,
Pseudoronas aeruginosa, Streptcececus faccalis, Staphylococcus aureus, Sirepio-
eoccus pyogenes, Escrerichia coli, Aerobactor asrogenes, and Aerobacter cloacae
on solid media. Standard antibiotics, such as penicillin, streptomycin,
chloranmphenicol, tetracycline, erythromycin, neomycin, polymyxin, chlor—
tetracycline, oxytetracycline, novobincin and albomycin, were also tested om
these straims of bacteria for comparisin. Polynoxylin was effective against
all strains tested except a strain of Zerobacier cloacaz. The inhibitory
effect of polynoxylin was mest pronounced against Stapkylococcus aureus, less
against Prozeus vulgaris ard Strepitococcus jaecalis, and least against
Bscherichia coli and AeroDacter aerogenes but still within the range of ther-
apeutic doses. Strains of Siapsyioeoccus amoreus resistant to antibiotics
were less inhibited by polynoxylin than those susceptible to antibiotics im
this study, in contrast with previous findings (41).

The antibacterial and antifungal activities of Anaflex were clinicaily
tested on more than 200 human patients representing 238 cases of furunculosis,
ulcus cruris, infected acune, pressure sores and industrial wounds, gynecologi-
cal discharges, fungal paromychia, athlete's foot, cutaneous hypersensitivity,
axilliary infections, seborrhea capitis, napkin rash and proctological cases.
The product was applied directly to the affected part twice daily and also
as a ring around the area to nminimize secondary spread. Although not all
the patients treated were cured (results not given), rore thaan 30Z of the
furunculosis cases were cured in less than 4 days. If the initial lesions
were treated within 48 hours they disappeared in 2 days and classical boils
were avoided. A nasal barrier cream containing Anaflex removed the infection
of penicillin-resistant Staphylccoceus within 4-5 days. Pelapses to the
carrier state took 7 days or more. A cormercial cream containing chlorhexidine
produced a similar effect in 2-3 days, but relapse occurred in 3 days (41).

Clinical experience fron topical application of urea-formaldehyde con-
densation products (Anaflex) for treatment of some skin diseases was also
reported by Tomasini in Italy (43). From a total of 114 cases (74 males;

40 females) tested, the results were satisfactory in general and the products
were found most effective in treating mycotic and pyogenic dermatitis.

Gtilization of antibacterial properties of urea-formaldehyde condensa-—
tion products to treat raw sewage ..d industrial organic waste materials in
order to kill patnological microbes and render the waste reusable has been
proposed (45). The process involves prereacting the waste with a water—
soluble low condensation pre'uct of urea and formaldehyde at pH 7-9 to
sterilize the waste, then ¢ .ifying the nmixture to pH 3-5 for furtner con-
densation to take place, and finally neutralizing and drying the product which
can then be used as fertilizer or znimal feed.




Kingston peasured the formaldehyde liberated into the vapor phase from
Anaflex and Noxythiolir. (a2 condensation product of <hiourea and formaldehvde)
(45). 1Two small beakers, orne containing the dry product (0.1 g), the other,
C.5 ol of distilled water were placed in a jar. The jar was tightly sealed
and incubated at 37°C for various perioas of time. The formaldehyde vapor
released by the dry product was absorbed by the water which was apalyzed
colorimetrically bty the method of ash. From 0.1 g of the drv product, 1-2 og
of formaldehvde vapor was collected from Xoxyrhiolin and only 0.2 mg frcm
Anaflex. Y¥hen the latter was wetted with 1 nl of water, less formaldehyde was
released in the vapor phase but 1.5 mg of it was detected in the supernatant.
The bacteriostatic activity of Nexythiolin (1 mg) was compared with that of
formaldehyde (0.2 mg) on agar plate tests with 3 organisms. The inhibition
zones produced by formaldehvde were comparable in size with those obtained with
Noxythiolin. The author concluded that the free formaldehyde released by Noxv-
thiolin is the cause of the bacteriostatic effects. Formaidehyvde slowly re-
leased by Anaflex may be bacteriostatic but tests are inconclusive (45).

Although it was assumed that the mechanisa of the antibacterial action
of Anaflex was due to free formaldshvde in the product, Haier found that a
negative reaction with Schiif's aldehyde reagent was obtained when the product
w1s shaken with water ior prclonged periods (42). A water-soluble condenszte
of urea and formaldehyde also gave negative reactions for formaldehyde, but
wvhea tested with Schiff's reagent in excess acid, a strong positive reaction
with precipitates was obtained. When this modified test was conducted on
Anaflex and its aqueous filtrate an imxeaiate positive reaction was obtained
with older stocks, and delayed reaction with fresh stocks. The observation
that the positive aldehvde test was not due to free formaldehyde was further
confirred with 2 rabbit and a human volunteer which were both hypersensitive
to for=maldehyde. The subcutaneous injection of 0.05Z formalin {0.2 ml) in
the radbit produced a marked loczl reaction within 5 minutes and a severe
generalized reaction after 65 minutes. lc local or systemic reactions were
odserved when a saturated solution of Anaflex was administered to rabbit
subcutzneously, 0.2 ml daily for 4 days followed by dazily injections of 0.3,
0.4, and 0.5 =l for 3 days, respectively. These results are questionable,
however, since oaly one zanimal was us d. The human volunteer developed an
edematous reaction after contact witn very dilute forrmaldehvde but showed
only a very slight degree of irritation when Anaflex was applied either dry
ags moistened or as a saturated aqueous solution‘!&?)-

Formaldehvde is slowly released by Anaflex. Haler suggested that many
free oxymethylene-substituents occur within the molecule which are responsible
for its strong bacteriostatic activity (41).

The effects of soil m=icroorganismss on the degradation of urea-formaldehyrde
cendensation preducts are detailed in Section XII under Biological Degradatioam.
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IX. EFFECTS OX SOIL ORGANISMS

The effect of the soil conditioner Hygromull, (urea-formaldehyde foan
in resin fcrn which releases semall quantities of formaldehyde in the soil)
on »nlant parasitic and saprozoic nematodes was rcported by De Grisse et al.
(46). Sieved sandv-lczm soil containing nematodes was placed in plastic
bags (200 nl/bag). FEygromull (100 ml/bag) was added to ten bags and the
contents were kept moist aand stored at roon temperature for 5 weeks. The
number of plant parasitic a2nd saprozoic nematodes in each sa=ple was deter-
mined by washing tne soil through a 250 p ~“eve in a plastic basin and ex—
tracting the nematodes by the sugar-centrifugal-flotation technique. Two
samples without the addition of Hygromull were processed at the start of the
experiment to obtain the initial nercatode population. At weekly intervals
for 5 weeks, two bags with and two without Hvgromull were analvzed. Results
show that tbe population of the plant parasitic nercatodes decreased limearly
with time in the saxples containing Hygromuli (fro= icitial population of
1430 per 190 =l soil extract to 90 per 100 =1 after 4 weeks of treatment)
and remained at the lowx level at the end of 5 weeks. Coantrol populatioans
fluctuated between 11090 a2nd 1560. Th2 population of the saprozoic nematcdes
decreased during the first two weeks cf treatment 2nd recched the lewest
count after 3 weeks (280 per 90 mi seil extract, from an initial counmt of
980), then started to increase again reaching 775/100 =1 soil extract after
5 weeks of treatment. Contrel counts varied from 769 to 1130/100 =1 sc¢il
extract (4o).

Huengens alsc used Bygro=ull mixed with pine litter (containing 0, 23,
5¢, 67 or 100% lygrozull) in azalea cultures to studv its effect on scoil
fuana (47). Organises counced were lucbricidae, anchytracidae, zand sciaridze.
Afrer € months fewer luzbricids, eachytracids, and sciarids were found in
mixtures c¢rntaining 507 or more Hygromull. The auvthor ccacluded that in
these expericents it could not be proven whether the s—aller ausber cf
organises counted was the result of the release of formaldenyde by the urea-
formaldehyde resin, or the lack of food supply in the Hygromull-rich mixture.
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X. EFFECTS OX PLANTS

Co=pletely polym=erized urea—formaldehyde resins are not toxic in plants
and cannot be broken down to supply nitrogen for piant growth (61). The low
and intermediate molecular weight condensation products have been used as
fertilizers to provide nitrogen at a steady rate for a prolonged period of
time, but are not suitable a2s a quick fertilizer to supply readily ziailable
soluble nitrogen. Various plants, such as tonatoes and Sudan grass (48),
corn (49), oats and millet (50), pine seedlings (51), a2zalea (47) and turf-
grass (52,53), have been used to Zest the effect of iow and intermediate
molecular weight condenmsation products as fertilizers, but no adverse effects
in plaats have been reported (see section on Biological Degradation).

The gaseous products from incineration of urea-formaldehyde resins
(forzulaticn not reported) are highly toxic. One—week-old seedlings (sus=er
squash, alfalfa, —ustard, blue grass, and northern green beam) were killed
in 10 mipnutes when exposed to the cocbustion effluent; two-week—old plants
were stunted and bleached but not killed. The effluent was produced by heat-
ing 25 g of urea—forraldehyde resin in the hot zone of an incinerator (about
1100°C). Before passing into the exposure chacber, the effluent was kept
above the dew point to prevent condensation and adjusted to 24°C and 50X
huzidity with cool dry air. Analysis of the effluent revealed carbon dioxide,
carbon oonoxide, methane and large quantities of a=wonia and hydrogen cyanide
(10. see Chesical Degradation, section XII).
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XI. PHARMACOKIXETICS

The nitrogen in urea-formaldehyde resin did not seem to be petabolized
and subsequently made availabie when used as aniral feed for laz=bs. Re-
placing increasing quantities of urea nitrogen in the lachs' feed by Uramite,
a cormercial preparation of urea-formaldehyde resin, resulted in increased
non-protein nitrogen excretion (39).

There is no other inforzation available on absorption, distridution,
and metabolisz of urea—formaldehvde resias.
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XII. OCCURRENCE, DISPERSIOX AND FATE IN THE ENVIROXMEXT

In this section the cccurrence, persistence, transport and dispersion,
chenical and biological degradation and bioaccuzulation of urea-formaldehyde
resins in the environment will be discussed.

A.  OCCURREXCE

Urea—formaldehyde resins are synthetic products and do not occur inm
nature. They are widely used in moldings, battoms, screw caps, e:iectrical
insulators, plugs, sockets, and eating utensils, as adhesives in laminated
boards, chipbrards, and furniture manufacture; as surface coating enamels
for cars, refrigerators, washing m=achines ard stoves: in construction work
to solidify loose soil znd prevent seepage of underground water; and as
thermal Znsulators (applied as foars to fill wall cavities). The low
molecular weight condensation products are particularly used in treating
textiles to produce water repellent and wrinkle resistant fabrics, and in
manufacturing wet-strength paper. Depending on the molar ratio of urea to
forz=aldehyde, different resins can 2lso be used as antibacterial drugs ia
fertilizers. Thus, people in the modern world are in daily contact with
urea-formaldehyde resins.

B.  PERSISTEXCE

Tae coopletely polymerized urea-formaldehyde resins are checically and
physiologically inert in acbient conditicns and thus will persist in the
environzent. They do not ignite but will burn in a flame giving off various
gaseous products depending on the cozbustion temperature (see Chexmical Degrada-
tion). The partially polsmerized, low =olecular weight condeasation products,
however, caa degrade gradually with tice and release formaldehyde vapor. Wnen
used as fertilizer, they are broken dowa by soil microflora to sicple nitro-
genous co=pounds (48-335, 60-63). (See section on Biological Degradation).

€.  DISPERSIOX

Yo studies on the dispersion of urea-for=aldehvde resins per se are
available ia the literature. The completely cured urea-formaldehvde reciwms
are presucably dispersed as solids in the finished products or as powder and
dust in manufacturing plants. The incozpletely polyvmerized low molecular
weight products czn be found in the leaching water soon after they are ap-
plied as fertilizer but before they are broken down by soil microflora (51,
5%,55). 1Ia such menner, they can be dispersed ir streams and rivers.
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D. DEGRADATION

Under ordinary use-related conditions, the completely polymerized urea-
formaldehvde resins are very stable. However, they decomposs in boiling water
and in hot concentrated acids and alkalis, releasing formaldehyde and ammonia.
Co=pletely polymerized resins are not digested and metabolized by animals, but
the low molecuiar weight condeaxsation products are degraded by soii micro-
organis=s. 1In the following sections, the chemical and biological degradation
of these resins are discusseqg.

1. GiRIOCAL

Although urea-for—aldehvde resins are chenically inert under ordinary
use-related conditjons, they are deco=posed in hot conceantrated zlkalis with
the evolution of armonia, and in hot concentrated acids giving off forcaldehyde
and formic acié fumes (4). They a2lso undergo therrcal decomposition releasing
forzaldehyde and other gaseous compuunas (carboa dioxide, carbon —onoxide,
hydrogen cyanide etc.) at higher te=peratures (9-12). Yhen chipboard is ex-
pesed to 100Z relative huz=idity at 38°C it releases formaidehvde and loses
a substantial portion of its strength in 8 weeks (36).

The oxidative degradation of urea-formaldehyde resias (ih butylated
foin) was studied by solid phase infrared spectrophoto=etry and gas phase vapor
chrozatography in the tecperature region from 150° to 300°C (57). Fro= the
infrared spectra takem at 150°, 175°, 200°, 250° and 300°C, it was observed
that the degradation of tke resin proceeded rapidly at 200°C with the simultan-
eous rapid decrease of the CH, stretching vibration band (3.5-3.5 u) aad the
C-0-C bending vibration (2.25 p). These changes were attributed to tne loss
of the butoxy group- Kinetic studies on the decay of the CH; band gave an
activation energy of 21.5 kcal which corresponds favorably with the values ob-
tained for the oxidation of phenolic resins. The cdecay of the vibration bands
of hydroxyl, az=ino and carbonyl groups proceeded at a slower rate. Above
250°C ali bands disappeared rapidly as a result of the volatilization of the
entire polymer. From vapor phase chro=atographic studies, roughly equimolar
quantities of carbon dioxide and butanol were detected at degradation tezpera-
tures from= 150° to 200°C. aAbowve 250°C, sm=all amounts of butens, butyric acid,
paraforzaldehyde and water could be detected.

froao these results, the oxidative degradation reactions of urea-formaldehyde
were postulated as follows:
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The toxic effects of the gaseous products released by incineration of
urea-foroaldehyde resins on rats and plants have been previously reported
(see Section IV. Effects on Experi=ental Animals and Section X. Effects on
Plants). Ia order to determine which cozponents in the effluent were re-
) sponsible for toxdcity in rats and plants, the sare sample of urea-formaldehyde
- resin (wood flour filler) was anzlyzed thermogravimetrically under inefficient
cozbustion conditions {9). A 3-step thermal degradation was observed:
below 260°C there was a gradual loss of weight (14%Z); froa 270° to 345°C
2 steep loss of weight cccurred (57Z); and from 345° to 610°C there was again
a gradual loss of weight until the resin was co—pletely cosbusted at 610°C.
Qualitative analysis of the gaseous products by infrared spectrophoto=etry
showed the presence of carbon dioxide, carbon monoxide, methane and large
quantities of ac—onia and hydrogen cyanide. Quantltatlve analysis of hydrogen
cyanide using Oricaspecific ion electredes, 100 ml/ninute air flow and a
5°C/zin heating rate showed 18.9 =g of cyanide per gram of sacple.
Carbon =onoxide and hydrogen cyanide found in the combustion effluent may pro-—
duce the toxic effects observed in rats since the animzls recovered rapidiy
when reooved fro= exposure; otherwise, death occurred.

*
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The gaseous products fron cembustion cf plastics, wool and pine wood
were studied because many fire deaths are caused not by actual burning but
by irchalation of toxic gases evolved during the fire (11). Materials con-
taining nitrogen produce hydrogen cyanide znd carbon monoxide under thercal
dero=position. The coacentrations of nydrogea cyanide that are farzal to
hu=ans are 270 pp= (immediately fatal), iS1 pp= (1€ min. exposure) and 135 PPl
(30 min. exposure) (58). The effects of carbon —onoxide in hu—=ans vary with
duraticn of exposure, partial pressure of oxygen in the air, achient terpera-
ture, work effort, carbon monoxide content of the biood, metabolic efficiency,
health status, genotype aad individuval susceptibility (33) A concentration
of 4000 ppa of carbon ownoxide was reported fatal to hu=ans in exposures of
less than c¢ne hour (11).
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The cozbustion products of urca—-formzldehyde foanm, wool and three other
syathetic polyoers coataining nitrogen were analyzed by gas chro—atography
{11 ). Test sarples {weighing 500-2500 ng) were introduced into a heated
flask (800°C) where co=bustion took place. After this tezperature was main-
tained for 2.5 minutes, the flask was cooled for 30 minutes and the gaseous
products were quantitatively analyzed by gas chromategraphy. 1In order ts find
out wiether hydrogen cyanide is a potential hazard at fires, the above procedure
which favors the formation of toxic cozbustion products was adopted. Fron
urea—formaldehyde foan the gaseous products were hydrogern cyanide (0.015-
€.052 g/g of sammle), carbon monoxide (0.032-0.077 g/g of sac—ple) and carbon
dioxide (0.35%-1.35 g/g of sa=ple). Nitrogen dicxide was not detected with
any of the 5 samples.

Besartbeos o Surk 2y

2o

70 coopare the toxicity of 2 coscbustion product obtained froz different
materials, a toxicity index was used (11). This index is the ratio of the
experioentally determined concentration of a toxic product (expressed as the
voleme of product when one gram of material is decozposed and the cozdustion
products are diffused into a volure of 1 =3) to the concentration of the
szze product that is fatal (or dangerous) to humans in a 30-minute expo-
sure (=ethod of deternmination of the fatal coacentration not given). The
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toxic.ty index of a material which produces two or more toxic cocbustion pro-
ducts is determined by assuming that the effects are additive. The maximum
toxicity indexes of the combustion products of urea-formaldehyde foam, wool
and white pine were corpared as follows:

Maximum Toxicity Index due to

HCX Cco 20, Toral
urez—formaldehyde foam 0.26 0.01 < 0.01 0.27
wool 0.33 0.05 0.01 0.38
white pine * 0.09 0.003 0.09

*pot produced

In a recent study the gaseous cozbustion products of tean kinds of syn-
thetic polymers and one kind of wood (cedar) were quantitatively anpalyzed
by infrared spectrophoto=etry, gas chromatography, and colorizetric tube
=ethod (12). The cochbustion of urea—formaldehyde {0.1 g, 800°C, =zir flow
rate 100 1/hr) produced €0, (1,193 =g/g of sa=ple) as the only deiectable
gaseous product. At a slower air flow rate (30 1/hr), 0 (80=g/g of sa=ple)
and BCN (22 =g/g of sarple) were detected in addition to CO, (980 =g/g of
sasple). At 700°C, nitrous oxide {quantity not given) was detected in the
gaseous coz=dustion products of urea—for—aldehyde. Pyrolysis of the urea
resins in the atmosphere of nitrogen at 700°C gave off a=sonia vwhich was de-
tected with poor reproducibility (about 202 coefficient of variation). The
total amount of nitrogen detected in the gaseous products was much less than
the quantity of nitrogen present in the poly=zer. The authors suggested and
confirmed with two synthetic polyoers that sc=me pitrogen in the polyr=ers
was converted to nitrogen gas (X,) by the flaming combustion.

The stability of urea—formaldehyde resins against ultraviolet degradation
was studied by =easuring changes in chemical structure with infrared spectra
(39). A sa=ple of the resin (Cymel 248-8, Azerican Cyanamid Cozpauy)
dissolved in n—butyl 2lcchol was applied as a fil= on the XBr plate used for
infrared spectrometry. After drying uader an infrared heat la=p, the sample
was placed about 5 inches fro= the ultravioler source (wavelength above 2000
angstrom=s) and irradiated in air at roon texperature for 300 hours. Infrared
absorprion specira were recorded before exposure to altraviolet light and at
various interva:s during the irradiation period.

Xo changes in physical appearance properties of the film, such as crack-
ing, blistering or color change, were detected visually. The infrared spectral
changes included a2 slight decrease in intensity of all bands after UV Irradi-
ation and the appearance of 2 new band at 4.66 u characteristic of isocyanide
and isocyanate group absorption. The intensity of this band reached its
=axi=um after 180 hours of irradiation and remained at that level. The origi-
nal 3.5 p C-H streching band decreased 20X aiter the first %0 hours of ex-
posure o ultraviolet light and recained constaat upon further irradiatioa.
It was cencluded that this sacmpie of urea-forsaldehyde resin was oederately stable
and the overall effect of ultraviolet irrzdiation upon i was smail (59).
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2. BIOLOGICAL

The highly polymerized urea-formaldehyde resins do not appear to be bio-
degradable by various plants or animals. Feeding a com=mercial product, Uranite
{containing 36.9Z nitrogen), to lambs and rats up to 32% of the total nitrogen
in the feed resulted in excretion of most of the Urzmite nitrogen in the feces
(39). The partially polyrmerized water insoluble condemsation products, on
the other hand, have been used as slow releasing nitrogen fertilizers and were
found degradable by soil m=icroflora as shown in the fellowing reports.

Yee and Love first tried to use urea-formaldehyde condensation products
as water insoiuble nitrogen fertilizer in 1947 (60 ). Several condensation
products with urea to formaldehyde molar ratios ranging from 0.88 to 2.0
were prepared and their rates of nitrification( 20 =g X in 100 g of soil)
were determired. A==onium nitrate and déried blcod were used as positive
controls. Results showed that the condensation products with U/F ratios
of 1.4-2.0 nitrified at rates approaching those of a==onium nitrate and dried
blood. The mest promising products for providing slowly availabie nitrogen
sources are those with U/F ratios egqual to 1.18 to 1.36 which nitrified at 2
constant rate for about 3 months and then at slightly reduced rates.

The involvezent of soil microflora in the egradation of the urea-
for=aldehyde condensation products was studied by measuring the evelution of
carbon dioxide, the nitrification in sterilized 2nd unsterilized media, and
the effects on plant growth in steriiized and unsterilized soils (48).
Addition of the condensation products (U/F molar ratios ~ 1.2-i.%; 36-38%
nitrogen) at rates up to 1Z (20 =g nitrogen per 100 g of soil) did not in-
hibit soil microbial activity but appeared to promote it. The carbon dioxide
evolved was 2-3 times that produced by the addition of ar—oniu= nitrate.
Carbon in the condensation products seermed to be as available as that of soil
organic =atter to soil microflora. Nitrification occurred only in unsteri-
iized soil as measured in the formation of nitrates during 18 weeks. The
availability of nitrogenous compounds (resulting fro= microbial degradation
of condensation products) for plant growtk (Sudan grass and tomatoes) was
indicated by the fact that the weights of tops and roots (6 weeks of growth)
fro= plants grown in unsterilized soil were 2-3 tirmes greater than that of
plants grown in sterilized soil. Thus, the urea-forraldehyde condensation
products are degraded by soil microflora into sizmple nitrogen co=pounds
readily available for plant growth.

The effect of pH on the mineralization (decomposition into a soluble
state) of the condensation products (=olar ratio 0.5:; 26.2% nitrogen, 59.57
of the total nitrogen being water-soluble) in 20 soils having initial pa
valves ranging from 3.9 to 7.8 was studied for 26 weeks (61). A samale
Tepresenting higher polvmerized forcs of urez-formaldehyde, cemsisting of
plastic waste milled in the laboratory, and containing 17.8% of nitrogen
of which only 4.3%Z was water-soluble, was studied for co=parison. There was
an iaverse correlation between the pH values of the soils and the percent of
mineralization of the resins as shown in the following table:
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i Initial % Mineralization of the resins
. Soil Low condensation products Plastic wastes
K~ pH 2 weeks 8 weeks 26 weeks 2 weeks 8 weeks 26 weeks

x 7.8 8 29 52
7.0 16 45 65
6.0 49 81 90 14 3
.0 35 70 85 12 44 59
9 69 78 52 45 62 69

“10

~ U

)
)
o

The highest rates of nitrification for the low condensation products
occurred in soils having initial pH values between 5.5-6.0. 7Tne dissolution
-2 of the products in acid soils appearad to be the result of chexical de-
co=—position decause 387 of the nitrogen in the products was rendered soluble
after soaking 2 days im a solution of pH 4.0 (50Z soluble in 7 days) without
the action of soil microflora.

The rate of =ineralization of urea-formaldehvde fertilizer has been
found to follow first order reacriom kinetics, and the rate increases at
higher te—peratures (62 ). Dissolution of these products has been
studied by leaching analysis (31,54,55). Other crops used to study the
availability of the degraded nitrogen products were corn (59 ), cats and
=millet (50), and turf grass (52,53 ). Since urea-formaldehyde resins are de-
graded slowly over 2 long period of time, they are most suitable for long-~
growing crops requiring a2 constant supply of available nitrogen. A long
ter= study (7 years) on their effects on turf grass showed that although the
availability of nitrogen for the first 2 vears was not very efficieat, at
the end of the 7-year period urea-forcaldehyde fartilizer gave the best
results as deter=ined by yield, color and soil nitrogen ceatent (353).

,
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The decozposition of four urea-formaldehyde condensation products of
low =olecular weights were studied in acid soil and soil neutralized with
lime (63). The four products, methylene-urea, dimethvlene-triurea,
trizethylene-tetraure2, and tetramethvlene-pentaurea, were prepared chemi-
czlly uncder acid conditions in pure or partialiy purified form. Decospositioan
of these cozpounds in soil was studied by incubation in 700 g of =—oist soil
at concentrations equivalent to 300 ppa of X exgressed on the basis of oven-
dry soil. Duplicate wmixtures containing 0.5 calciua carboaate in soil
; were used to study the effect of soil pH on the deco=position of these pro-—
3 B ducts. The mixtures were incubated for 26 weeks at 23.5°C. The degree of
} 3 nineralization of these cozpounds was analyzed by m=easuring the quantities
of ac=onia and nitrate formed after 1, 2, 3, %, 8, 12, 16 and 26 weeks of
incubation( 63)-

.
- Pt .
% ;,‘,; miaY A YA RS el

Results shcwed the rates of mineralization of these compounds decrease
with increasing chain length. Methvlene diurea decomposed very rapidly and
co=pletely in acid soil (pH 5.%5). The addition of lize( soil pH 7.6) de-
iayed the initiation of decc=position but still 887 of it was mineralized
in 2 weeks. Dicethylene-triurea was decozposed iess rapidly initially and
reached completion by the end of 26 weeks in acid soil. 1iIa the presence of

o ¥
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lize, mineralization started after the first week and reached 827 after 26
weeks. The decompesition of trirmethylene-tetraurea proceeded slowly but
steadily in acid soil and approached its maximm {81-85%) swithin 8 weeks.
The addition of lime delayed the initiation of decomposition but the maximm
of 67-72% was also reached in 8 weeks. The largest polymer of this series,
tetrarethylene-pentaurea, deco=posed very slowly in the soil and attained
only 15Z =inmeralization in acid soil and 97 in limed soil. It was concluded
that trimethylene-tetraurea appeared to be the most promising compound as

a2 slow fertiltizer.

E. BIOACCUMULATION

The urea-for=aldehyde resins are not absorbed by plants or zmimals in
the polymerized form. When fed to animals the resins are excreted ia the
feces (39). ¥nern applied as fertilizer in the soil, the low molecular
weight condensaticn products are slowly brokea down by soil microorganis=s
into sizple nitrogenous cozpounds which can be utiiized by plants %8-30).
Those that get into leaching water probably are degraded by soil and aguatic
microfiora into sicple co=pounds which are taken up by aquatic plants and
animals snd eventually eater into the food chain (G0-55). No reperts on bio-
accuzulation were found in the literature.
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XI1Y. INDUSTRIAL HYGIENE STANDARDS AND PRACTICES

) T?? safety hazards of urea-formaldehyde resins pfinarily involve formalde-
nyce which is inadvercently released into the air.

The condemsarion of ureaz and formaldehyde is an exothermic reaction.
Heat generated during the reaction would increase the concentration of formal-
dehyde in the air causing irritation to the eyes, nose, throat and skin of
exposed workers, especially individuals hypersensitive to it. In addition
to the hazard during manufacturing of the resins, formaldehyde is also
evolved when the ccndensation products are processed in rmolding, laminating,
coating, etc., %o make various end products. These products, if not com-
pletely cured, could again release small guantities of formaldehyde over a
long period of time. Thus industrial safety practices center on keeping the
level of formeldehy<e below the threshold limit values. In the follcwing
sections the hvgienic and safety practices for the manufacturing and applica-
tion of uvrea-formaldehyde resins and the preveantion of hazards due to the
finished products will be reviewed.

A. THRESHOLD LIMIT VALUES (TLV) AND STANDARDS

There are no TLV or OSH:A standards set for urea-formaldehvde resins in
the workrocom environment. The current OSHA standard for formaldehyde for
8-hour time-weighted average is 3.6 ng/m3. The maximun ceiling linit is
12 og/=3 for 30 =inutes duration on S-hour shift. NIOSH reco=eends 1.2 mg/n3
ceiling for 30 minutes {6%).

B. INDUSTRIAL HEALTH ANE SAFETY PRACTICES

¥ost studies of industrial hazards in the manufacture of urea-formaldehyde
resins and the application of their low molecular weight products were re—
ported outside of the Unitad States (65-71). Within the United States, a few
cases of occupational dermatoses were reported only during the early vears
(later thirties and early forties) when the urea-formaldehvde resins were
first introduced commercialiy (18,19). After a completely enclosed systen
for the manufacture of these resins was adoptad in later vears, no reports
of industrial hazards have been found. The safety practices thus invoive
engineering control and aygiene aspects as recoz=ended by the Bureau of In-
dustrial Hygiene, Michigan Department of Health (20).

1. EXGINEERING CONTROL ASPECTS

Operations for nmixing, grinding and heating should be enclosed to prevent
fuces and dust polluting the air. Adequate ventilation should be installed
to remove fumes and dust in the air and frequent cleaning of dust on floor
and machines by vacuum. Manual operations should be replaced by mechanical
equiprent to reduce direct contact with the material. The plant should be
designed to place hezting and drr¥ing operations in one area segregated from




]
g
1

e )
el AT
I AW S s Py o bt b vty et 6 4

Mn ¥V ede

EF4n

-

L N T

S YED Rl

Vir et o N S T 3 e s o S
n A o s L R S e R a1 e e G - G
LY LT Mo P o O x T w3 e e A e R E S S - . -

Al

the rest of the plant so that fumes will not contaninate the enrire plant.
Air temperature should be kept low because heat tends to intensify skin ir-
ritation (20). Industrial waste water containing formaldehyde can be treated
with lime, which reduces its concentration 100-fold in 2 days (72)-

2. HYGIENIC ASPECTS

Personal hygiene of workers should be emphasi-2d. Adequate washing
facilities for frequent cleaning of exposed skin .d for showering at the
end of the work shift, should be provided. Mild, nonirritating soap and
clean towels should be available. Workers should wear protective cioihing
such as gloves, sleeves and coveralls, which should be laundered frequently.
Protective creacs for face and other exposed parts of the body should be
provided. 7The workers should be informed about the toxic nature of the mater-
ial and instructed about the proper operative techniques. Adequate education
on personal hyziene and safety measures should be given. Frequent wmedical
check-ups should be nmade to detect any health problems at the early stage (20).

C.  SAFETY MEASURES FOR STORAGE CF PRODUCTS

When urea-formaldehyde condersation products are used to make chipboard, to
treat textiles or for thermal insulation, residual formaldehyde may be re-
leased slowly if the resin is not completely cured to form high molecular
weight polymers. Thus chipboards and treated fabrics should be stored in
a well-ventilated warehouse for 3 months before being shipped for the market
(73,78 . vhen urea—formaldehyde foam is used to fill wall cavities for heat
insulation, the building should not be occupied for 3 months to ensure com-
plete removal of all residual formaldehyde (68,75)- Should the warehouse
catch fire, it should be kept in nind that highly toxic gaseous products such
as hydrogen cyanide, carbon monoxide and ammonia would be produced (9.11,12).




XIV. SAMPLING AND ANALYSIS

: In this section special methods for sampling and receat methods for the
analysis of urea-formaldehyde resins and for the detection of free formalde-
hyde will be discussed.

A.  SAMPLIXG

For detection of free formaldehyde in clothing, the eatire garment is
placed in an air-tight container im which a small beaker containing 2 few drops
of chromotropic solution (1 g in 250 ml sulfuric acid) is placed. The quantity
of forraldehyde is estimated by measuring the tire needed for the initial purple
color to appear ( 76).

The formaldehvde release€d in the air from chipboards is estimated by the
intake of 50 liters of room air through 2 washing bottle and analyzing the
extract by the general procedure (74), or by the air being pulled through a
solution centzining the chromotrepic reagent (77).

B. ANALYSIS OF UREA-FORMALDEHYDE RESINS

Cozp.etely polymerized resins, as well as their low molecular weight
condensation products, can be analzyed by paper chromztography, thin-layer
chromatography, gas chromatography, gel-permeation chromatography, infrared
spectrophotoretry, polarography and protcn magnetic rescsznce methods. These
will be discussed as follows:

1. PAPER CHROMATOGRAPHY

The aminoplasts in glues, hardened glue joints, varnishes and irpregnated
paper can be detected and separated by paper chromatography (78). The ground
sazple (1-2 g) is hydrolyzed in hydrochloric acid (253, demsity 1.25) and a
few drops of hydrogen peroxide for 13 minutes. After spotting on Schleicher
and Schiiil Z043b paper, it is developed with butanol:acetic acid:water (4:1:5)
and dried at 35°C. The paper is sprayed with C.57 dinethylaminobenzaldehyde
in iscbutyl alcohol and treated with hydrochloric acid vapor. Bright lecon
yellow spots for urea (Rf 0.41-0.43) appear after 2-6 minutes; for melanine,
the spots are coram yellow (Rf 0.22-0.24) and appear after 7-12 minutes.

2.  THIN-LAYER CIROMATOGRAPEY

Urea—formaldehyde condensation products of low molecular weight (less
than 200) can be qualitatively detected by thin-layer chromatography (79).
The plates (Merck Kieselgel F2s;, fast rumning) are pre~treated with ammonia
vapor icmediately before sample application to prevent further coandensation
during chromatography. The condensation mixture is applied as a 20% solution
in pethanol-warer {1:1) and developed with: (1) ethyl acetate:methanol:amsoniun
hydroxide, Sp. gr. 0.880, (80:6:6) for separation and éatection of ethers and
methylol compounds of urea; (2) ethyl acetate:methanol:asoniur hydroxide,
Sp- gr. 0.880, (80:15:5) for separating mixtures of wethylenediurea, methylol
methylene diurea and dimethylenetriurea.
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The developed plates are dried at room temperature for 15 minctes, and
exposed to chlorine gas for a few seconds. After allowing the excess chlorine
P to disperse, the plates are spraye¢ with 57 o-toluidine in glacial acetic acid.
- ' Full color develops in 8 hours (plates kept in dark) and is stable for several
weeks. Urea and methylenediurea appear as blue spots; formaldehyde, dimethylol

urea, etc., as yellow spots; and monomethylol urea, etc., as green Spots.
The Rf values are given in a graph.

Quantitative estimation of these low molecular weight condensation products
- is accomplished by converting these compounds to their methyl ethers with
rethanolic boron trifluoride. These ethers are stable and easily separable
from each other and from high polecular weight condensates on thin-layer
chromatography (80). The procedure consists of adding 0.5Z boron trifluoride
(in pethanol) dropwise with vigorous stirring to 1 g (or less) of sample to
a final volume of 5 ml. The thin-layer plate (Merck Kiesegel Fosy) is pre-—
treated with the vapor of the developing solution (ethyl acetate:methanol:
armoniun hydroxide, Sp. gr. 0.880, 44:3:3) before application of the sample.
After development, the plate is treated with chlorine gas and sprayed with
5Z o-toluidine solution as described previously. Urea appears as blue spots
after 30 ninutes, monomethylolurea monomethyl ether as green spots, and di-
nethylolurea dimethyl ether os yellow spots. (Rf values are not given, but
the position of spots is shown in a chromatogran.)

3.  INFRARED SPECTROPHOTOMETRY

The apount of urea-formaldehyde resin (0.3-3.0Z) in wet-strength paper
can be measured by differeatial infrared spectrophotozetry (8l1). The paper
sanples are made translucent with an irmersion oil whose refractive index
is close to that of the paper, and the samples are analyzed directly by placing
then between sodium chloride plates. Any material cormonly found in the paper
that might interfere with spectral znalysis is recoved by exhaustive Soxhlet
extraction with carbon tetrachloride and methylethylketone. A standard paper
is chosen for the reference beam. Comzercial resin samples were analyzed by
casting the resin on sodium chloride plates and obtaining the spectra before
and after curing the sample at 1053°C for 1 hour. The aliphatic C-H stretching
band at 3.4 u is used as an intermal standard.

SRt oo, e
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4.  POLAROGRAPHIC METHOD

Coiloids, high molecular weight substances and dyes wi:l decrease the
polarographic wmaxima of oxygen. This suppression is used as a criterion for
the evaluation of sanitary safety of plastics, such as polyvianyl alcohols,
polyamides, polyvinyl butyrals and urea-formaldehyde resins (82). The sacples
(2.5 g or 100 c=?) were extracted with 100 ml of water for 10 days. Plastics
that show less than 50Z suppressica or the oxygen maxima of the polarcgraphic
curve are regarded as sanitarily acceptable.
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>. COMBIRATION METHOD

Recently a coobination method for the anzlysis of lcw molecular weight
condensation products of urea-formaldehvde by the application of gas chro=atogra-
phy, =ass spectrometry, gel-pe. zation chromatography and proton magnetic-
resonance was reported (83 ). These condensation products ar+ converted into
volatile derivarives for gas chromatcgraphic analysis by sii, =2tion with
N,0-bistrizethvlsilyl-trifluoro-acetamide (BSTFA) in dimethvl formawmide. The
gas chromatograz was anzlyzed by mass spectrometry to obtain the exact a-cimts
cf urea, monomethylolurea acd dimethylolurea in the resin. Gel permeatioz
chrocatography is used to separate low molecular weight mixtures (by usiag
Sephadex L4320, 50-60 u, in water) and high molecular weight products (by using
Styragel, 3 x 10* A 2nd 3 x 103 A, in dizethvl formamide). Proton magnetic
resonanze spectra are used to anziyze the presence of functionai groups in
urea-forzaldenyde resins (83,8%).

C.  AXNALYSIS OF FREE FORMALDEHYDE

Although formaldehyde is not the mzia topic for this studv, —ethods of
analysis for it wiil be discussed briefly because it is the major cause of
health hazards of uresa-formaldehvde resins. The rost com=only used reagent
for free formaldehyse is chrocotropic acid. Other reagents are Schiff's re-
agent, "Purpald,” aad acetylacetone plus ar=onium salts.

1. CHRGMOTROPIC ACID METHOD

Formeldehyde reacts with chroootropic acid (1,8-dihydroxynaphthaiene-3,6-
disulfonic acid) in the presence of sulfuric acid to give an intense purple
color which can be quantitatively estimated at 570-580 nan. This reagent is
specific for forcaldehyde and wilil not react with other aldehydes which give
positive reactions with the classical Schiff’s reagent. For high ccncentrations
of foroaldehyde, the purple color appears withia minutes; but zere zhan 10
hours for iow conceatrations of forsaldehyde. The developzent of color can
be speeded ur by heating the soluticn at 190°C for 30 minutes. Variations
of this zethod have been emploved to detect free formaldehyde in fabric sacples,
clothing, in chipboard, in piastic utensils znd in the 2ir (74,76,77).

SA

The general procedure coasists of reacting 5 =1 of a water extract
of the szmple with 1 =21 of 57 chro=otropic acid and 5 ml of concentrated sul-
furic acié. Afrer heating at 153°C for 30 ninutes the colotr developed is
neasured at 570 n=m spactrophotometriczlly (15,85,56).

2. OTHER REAGEXTS

The classical aldehyde reagent, Schiff's reagent, cam be used to detect
formaldehyde, but the results are not specific because other aldehvdes also
react wvith this reageat.

Trace amounts ¢f formaldehvde react with a reagent coataining acetyl-
acetone and an axcess of a=m=oniun salt to give 2 yellow product (diacetyld’-
hydrolutidire) whichk can be measured at 512 nn. The product is alwo strongly
fluoraescent under soft ultraviolet light. The conditions for this reaction
are =ild enough to permit its use with iiving materials (87),
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"Purpald” (4-aminc-3-hydrazino-5-mercapto-l,2,4-triazole) is a new re-

agent thot reacts with formaldehyde to give a2 purple color (A max
in 1 X sodium hydroxide solution (88).

= 550 nm)

This reaction is so sensitive that

the limit of detectiorn is 5 ng of formaldehyde per ml (9.005 ppz) which is
below the limit of odor detectability (0.88 ppn) and raxisum permissible in-

dustrial level (6 =g/w® of air).

Therefore, thic reagent has been used to

check air quality of factories and to assess the efficiency of curing in chip-

board.

For the latter, spot tests on chipboaird with ore drop of 1% purpald

in 1 N sodium= hydroxide give a purple color when the resin is not com=pletely

cured and for=aléehyde is present (88).
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TECHNICAL SIZDIARY

Urea-for=aldehyde resins are a mixture of condensation products of urea
and formaldehyde. The cosposition and structure of these products depend
on the 2) molar ratio of the =0 co=porents, b) corditions of the reaction
(pH, te=perature, catalyst, etc.) and ¢) degree of polymerization 2nd cross—
linksge. These resins are thermosetting plastics used extensively in adhesives,
~olding, lanmination, ccating, insulation and textile and paper traatment-
The subiects covared in this report include physical and checical properties,
toxicity in hu—ens and znizals, effects on plants, microorganis=s and soil
organiscs, phar=acokinetics, fate in the environzent, industrial nygiene zand
safety practices, sz=pling znd anaiysis.

A. PHYSICAL AXD CHFHMICAL PROPERTIES

The properries of urea-formaldehyde resins depend greatly upon the degree
of polymerization of the products Low =olecular weight products exist either
as a viscous liquid (neutrzl or alkaline pH) or a white powdery solid (acid
pH). Z=ney are converted by heat (heat—cured) or acid (acid-cured) into
high poly=eric for=ss which are water-insoluble, amorphous solids (1-3).

The sizple condensation products ("oonomers and dimers™) are riscous
liquids which are soluble in water and alcohol and deco=pose easily with
the ralease of formaldehyde. Intermediate products are a=crphous powders
vhich are soluble in pyridipe, aqueous formaldehvde, formic acid and dilute
=zineral acids. Ther are gradually decozposed in acid nediv= under ambieat
conditions slowly giving off formaldehyde (1-5).

Tnhe cured, high, molecular weight final products are colorless, traas-
pareant, ocorless and tasteless solids. They are insoludle in cold water and
cold dilute acids and alkalis but deco—pose in boiling water and hot stroag
acids and alkalis. They are uvnaffected by co—on organic solvents, oil and
grease (1-3). Various fillers, such as cellulose and woed flour, are adéed
to the resins to icprove their streagth and qeality. aAlcohol derivatives are
iatroduced to increase their solubility in non—aqueous solveats (1-3).

Although these resins éo not catch fire on free flame, they do deco=pose upon
pyroiysis giving off gaseous products such zs carbon monoxide, hivdrogen cyanide,
carbon dioxide and =wonia (9-12).

Since there is no single formula for urea—forcaldehvda resians, it
should be kept in =ind that the products used for investigatioas discussed
in this report vary in their cozposition znd the quantities of free for=ai-
dehyde present in the resins. The presence of free formaldehyde Infiuences
greatly the effects of the resins on humans, anicals, plants, microorganiscs
and the eavironoent.

B. HRAX TOXICITY

ia view of the literature avaiiable o date, the cozpletely cured-urea—
formaldehyde resins do nct appear to be toxic. Toric effects could arise froz
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the highly polyseric forms of resins during pyrolysis where toxic g2seous ro-—
ducts, such as hydrogen cyanide, carbon m=onoxide, and asrcnia, are geaerated
-12).

¥ost of the reported adverse reactions pertaining to urea-foraldehyde
ns are mainly due to formaldehyde which is produced by:

a. incompletely reacted startiag m=ateriai,

b. slow decomposition of low molecular weight condensation
products,

s 4 c. deco=osition of the resin by heat which is generated
g during industrial procassing such as molding, lazx=inating,
L high speed sawing, etc-,

- E d. slow release from resin treated fabric, paper and chipboard.

‘ For=aldehrde is well knosm to be highly irritating to eyes, skin and
: : sucous mesHrane. Since a detailed report on the toxicity of forszaldehyde
appeareé in a XIOSH criteria docuzent £13), oaly 2 brief discussioa on
the various effects of forcaldehyde produced f-oz the incozpletely cured
resins are reported here.

1. Eve Ezposure

Fabrics that are i—properly treated with urea-formaldehyde resias aad
insufficiently washed before =arketing would reiease forzaldehyde slowly
into the air. Stores selling such fabrics were found filled with formaldehyde
fu—es which czused exzcessive lacrization in shopkeepers andé custozers (14,15)

2. Inhalation

Formaldenvde was detected in the bloodé of workers who had been exposed
: to urea-formaldehyde resins. Tae blood formzldehivde levels were nighest scon
3 after work and disappeared 18 hours later (16). Fexale workers esposed to
E: various concentrztions of formaldehyde suffer menstrual discrders and co=-
plications during pregnancy; chi:dren born were underweight {17).

< 3. Skin Contact

Forzaldehyvde released from urea-forzaldehvde resins m=ay cause derzztoses
to persons exposed to it. People =ay co=e into skin contact with formzidehrde
occupationally or through using products which have been i—properly treated
with urea-forsaldenyde resins. Most of these cases were reported outside of
the Taited States.

a. Occupational Dermatoses

Yorkers engaged in manufacturing, =olding, laminating, 2pplying adhesives,
etc. are exposed to formaldehvde released during the process. Dermatcses
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usually develop on the hands and forezrms of these workers (16-29).

b. Contact Dersatoses due to Use of Trezted Products

People wearing clothing made of fabrics that was i=properly treated with
urea—-for=aldehyde resins —may develop dermatoses around the neck and waist
and under arm area (15,30-36).

C. EFFECIS OX ANDALS

Tompierely cured urea—-forsaldehyvde resins are not coasidered to be
toxic, and there are only a few recorts which describe effacts of these
resips on animels. .

The zacute oral toxicity of urea-formeldehyde resins was determined in
6 groups of guinea pigs (5 per group) by oral administratioan (inserted éown
the esophagus) of single doses of %480-2320 =g/kg body weight. Xo =mimals died
duriag the test or through the observation period of 8 davs. Xo pathologiczal
<hanges were observed (37).

The subchronic oral toxicity of the resin was determined in rats (straia,
sex, age ard nusber not given) by giving daily doses of 1 gl/kg body weight in
the f 1= of a 20T polysorbate solution administered with = pharyngeal tube for
9 veeks. Yo histological abnorzalities were found in the liver, kidney or
intest 12l tra~t of the rats (37).

Laaws f.d di«s coataining 2, 4, 8, 16 or 32X of the resin replacing
equivalent quantities of urea (control diet contains 1097 urea) for 10 dars
showed no toxic effects. Much of the nitrogen in the resin was excreted
in the feres (33;.

When two urea—for=aldehyde resins coxntaining different Gguantities of
free forz=aldehvde (one contained 297, the other 1.2I) were applied oa the skin
of 10 aitino grinea pigs.? out of 10 and 8 out of 10 animals, respectively,
developed erythe=z and other skin irritatioas. It was ccncluded that the
sensitizing effect wis not due to free for—aldehyde (23).

D. CARCINOGENICITY, MUTAGENICITY AND TERATOGEXNICITY

No reports oa carcinogenicity, =utagenicity and teratogenicity of urea-
forzalidehyde resins were fourd in the literature.

E. EFTECIS OX DOMESTIC ANTMALS AND WILILIFE

Xo reports on the effects of urea-formaldehyde resins on wildlife were
fovnd ian the literature. In the only report available oa domestic ani=mals,
1zmbs were fed diets containing 2-32% of the resins for 10 days without
effects (39) (see Effects on Animals).
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F.  EFFECTIS OX AQUATIC ORGANISMS

No studies on the effects of ureza-formaldehyde resins on aquatic organissms
were found in the literature.

G. EFFECTS ON MICROORGAXISMS

Tne co=pletely cured urea—-form=aldenyde resins in highly poly=erized
for=s have no apparent effects on microorganisms (40).

The low molecular weight condensation products with urea to for=aldehyde
ratio greater than wumity (U/F > 1) have been used as fertilizers because soil
nicroorganis=s can attack and degrade these prcducts to provide soluble anitrogen
for growing plants (see Biological Degradation in Section XII).

When the urea to formaldehyde ratio is less than unity (U/F < 1), the low
molecular seight condensation products such as Anaflex exhibited an anti-
bacterial action which has been appiied clinically te treat certain skin in-
fections. A total of 37 species (580 strains) of pacteria and fungi were
tested. All, except 6 strains, were found sensit.ve to the resin; viruses of
nerpes sizplex, vaccinia and poliozvelitis were not affected (37,%41,52).
Ciinical tests cn =ore than 200 patients representing 238 cases of various
skin infections showed that 80Z of those with furunculosis were cured within
4 days (51-53).

It has been 2ssuzed that the antibacterial action of Anaflex was due to
free formaldehyvde in the product. However, chemical amalysis with aldehyde
reagent and skin tests with a single rabbit and 2 huzan voluanteer, which were both
hypersensitive to formaldehyde showed that the sa=ple of Anaflex did not con—
tair free forzaldehyde. Thus the resin itself may exert an antibacterial action
(51,%2). This is contrary to the results found by other investigators.

H.  EYFECTS OX SOIL ORGANISMS

¥hen an urea-formaldehyde foam used as soil conditioner was added to the soil
at 100 =1 per 200 -l soil extract, the population of parasitic nematodes decrezsed
lipearly with tize and stayved at the low level for 5 weeks. The populiation of
saprozoic ne=atodes decreased during the first 2 weeks of treatmeant, reached
tie lowest level after 3 weeks, and started o increase again thereafter (46).

The saze soil conditiomer preparation (9,33,590,67, and 100% Hygro=ull)
vas nixed with pine litter in azalea cultures. After 6 moaths, the population
of lumbricids, enchytracids, and & species of mites was reduced in nixtures
canta%ping higher percentages of the resin (47).

I. EFFECIS ON PLANTS

The co=pletely polymerized urea-formaldehyde resins have not deen reported
to be toxic to plants. Since they are chemically irmert at acbient conditions,
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they are not likely to be broken down by soil microorganis=zs to supply nitrogen
for plants under rautral conditions, but may be slowly degraded in acid pHs.

The low and intermediate molecular weight condensation products have been used as
fertilizers which release nitrogen slowly at a steady rate over 2 long period

of tire. These are not suitable as quick fertilizers that supply readily
available nitrogen (see Biological Degradation in Section XII)).

Yo adverse effects on plants have been reported when these products were
used as fertilizers for to=atoes and Sudan grass (48), corm (49), oats and
=i1lets (50), pine seadlings (51}, azalea (47) znd turf grass (52,53).

The gaseous prcducts obtained froz pyrolysis of urea-formaldehyde resins
are highly toxic. One-week-old seedlings of su—wer sguash, alfaifa, mustard,
blue grass and northern green beans were killed in 10 minutes whea exposed
to the cocbustion effluent; tvo-week-old plants were stunted and bleached but
not killed (10, see Chemical Degradation in Section XIT).-

J. PHARMACOKINETICS

No detaiied reports on the absorptior, distribution, metabolis= and ex-
cretior of urea—-formaldehyde resins were found in the literature. The nitrogen
in urea-for=aldehyde resin did not seem to be metabolized and was excreted
in the feces by lasbs which were fed a2 diet containing the resin as a supple-
sental nitrogean source (29).

K. OCCURREXCE, DISPERSION AXD FATE IX THE ENVIRONXMEXT

1. Cccurrence

Urea-for=aldehyde resins are synthetic products; they éo rot occur in
pature. Cured resins are widely used in =olding, laminating, surface coating,
insulation, as adhesives and in treatment of textiles and paper. In addition,
the iow molecular weight condensation products can ziso be used as 2n anti-
bacterial agent or a fertilizer depending on the =molar ratio of urea and
formaldehyde (see Section VIII and XII).

2. Persistence

The co—pletely polymerized urea-formaldehyde resins are chemically and
physiologically inert under achient coaditions and thus will persevere ir the
environzent. Uzon prrolysis, they break donxrt into various gaseous co—pounds
depending on the cozbustion temperature (see Chexical Degradatiom in Section
Xil). The low oolecular weight condensaticn products dero=gose gradually giving




off formaldenyde and other simple nitrogenous compounds by soil microflora
(see Biological Degradation in Section XII).

3. Transport and Dispersion

No studies on the dispersion of urea-formaldehyde resins were found in
the literature. The completely polyrmerized resins presumably are trans-
ported and dispersed as solids. So=e of the low molecular weight condensa-
tion products are soluble and can be found in leaching water when they are
used as fertilizers (51,35%,35).

&, Degradation
a. Chezmical

Although the completely polymerized resins are chemically inert under
ordinary use-related conditions, they are decozmposed in het concentrated zlkali
releasing ar=woniza, and in hot coacentrated acids, giving off formaldehyde
and formic acid fumes (4).

Under cxidative tirermal decomposition, the butylated resin produced
carbon dioxide aad butanol at temperature range 150-200°C. Above 250°C,
small amounts of butere, butyric acid, paraforsmaldehyde and water were de-
tected (57).

A sample of urea-formaldehyde resin with wood flour filler was analyzed
thermograviretrically under inefficient cozhustion conditions and revealed 2
3-step degradation: a gradual loss of weight below 260°C, a steep loss of
weight from 270° to 345°C, 2nd again a gradual lcss of weight until the resin
was co=pletely cozbusted at 610°C (9). Qualitative analysis showed the
presence of carboa dioxide, carbon =onoxide, methane and large quantities of
a=monia arnd hydrogen cyanide (9).

A cozparison of the cosbustioa products of urea-for=aldehvde resins,
wool aad white pine showed that cozhustion cf wool produced more hydrogen
cyvanide and carbon =oroxide than the resin. No hydrogen cyanide was produced
from> cozbustion of white pine (11)-

*

arveek & ¢

(25

The rate of air flow and temperature influence the cozHustion products
of the resin. At 800°C and 100 1/tir air flow rate, only carbon dioxide was
detected. At a slower 2ir flow rate (52 1/hr), carbon =monoxide and hydrogen
cvanide also appeared. At 700°C, nitrous oxide was detected. Pyrolvsis
of the resin in an atmosphere of nitrogen at 700°C reieased ammonia (12).

2 gy dBRAp RO

Tre stability of urea-formaldehyde resins against ultraviolet irradiation
was studied by applying a film of the resin on the K3r plate of the infrared
spectrophotoneter. After ultraviolet irradiation for 300 hours, no changes
in physical appearance of the {iln were cbserved. Infrared spectrometry
studies showed only 2 slight decrease in intensity of all the bands and the

- appearance of a new band characteristic of isocyanide and isocyanate group
a2bsorption (59).
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b. Biological

The highly polymerized urea—formaldehyde resims uo not appear to be
petabolized and degraded by plants and animals. Under slightly acidic c?nd1-
tions (pH 5-6), the completely cured resins may be partly degraded by soil
microflora over a long period of time (26 weeks) (61).

The low molecular weight condensation products are degraded by soil micro-
flora to provide soluble nitrogen sources for plant growth. The =ost promising
products for use as fertilizers were found to have U/F molar ratios equal to
1.2-1.4 (5%€.50 ). 1Involvement of microflora for the degradation of the resin
was confirmed by measuring the evolution of carton dioxide, the extent of ni-
tr?gication and effects on plant growth in sterilized and unsterilized soil
(38).

The effect of pH on the mineralization of the condensation products was
studied for 26 weeks in 20 soils having initial pH <2lues ranging from 3.9 to
7.8 (61). The highest rates of nitrification occurred in soils with pH
values of 5.5-6.0. Soil microflora did not seem to play a role in acid degrada-
tion.

P RTAT p Shr e

The rate of =inaralization of urea-formzldehyde fertilizer was found to
increase with higher temperatures following first order reaction kinetics (62).

A long term study (7 years) with turf grass showed that urea-formaldehyde
fertilizer gave the bes:t results at cthe end of the study as deter=mined by vield,
color, and soil nitrogen content (33).

Tne decc=position in soil of 4 simple condensation products of urea and
for=aldehyde with known chemical structures showed that the rate of minerali-
zation decreased with increasing chain length (63 ). Methylene diurez deco=posed
very rapidly and co=pletely in acid soil (pH 5.4). Dimethylene-triureza de-
graded less rapidly and reached co=mletion by the end of 26 weeks in a2cid soii.
The deco—pcsiticn of trimethylene-tetraurea proce:ded slowly and steadily in
acid soil znd appeared to be most proxmising as a slow fercilizer. Tetramethylene-
pentaurea deco=posed very slowly and reachzd only i57 xineralization at the end
of 26 weeks. The zddition of lime to the soils re -uced the rate of =ineraliza-
tion of all the coxpounds tested.

i
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3. Bioacci=ulation

¥o reports on bioaccusulation of urea—-Zorsaldehvde resins in the environ-
ment were found in the literature.

i- DEESTAAL NYGIEXE STANDARDS ANXD PRACTICES

Since the hijhly poivmerized urea-forozldehyde resians and urea itself
are not cosnsidered to be toxic, the industrial hazards involve m2inly the
formaldehyde which is imadvertently released into the air.
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1. Threshold Limit Valves (TLV) and Standards

) There are no TLV or OSHA standards set for urea-formaldehyde resins in
- the workrooz environzent. The current OSHA standard for formaldehyde for
3 8-hour time-weighted average is 3.6 mg/m®. The maximua ceiling linit is

12 mg/a3 for 30 m=inutes during an 8-hour shift. XIOSH reco==ends 1.2 agla3
ceiling for 30 ninutes (6% ).

ST I

- 2. Industrial Health and Safety Practices

Yost of the industrial hazards in the manufacture and application of
these resins were reported outside of the United States (67-71). A few cases
of occupational derratoses were reported in the United States only during
the early years of co=mercizl application of these resins (18,19). After a
co=pletely enclosed systea for their manufacture was adopted, no reports of
industrial hazards have been found. The safety practices invelve engineering
and medical aspects as recom=ended by the Bureau of Industrial Hygieme,
Michigan Depart—ent of Health (20).

a. Engineeriang Control Aspect

The recormended safety practices are: enclosed operation, adeguate venti-
lation, cool roon temperature, mechanical operation, and segregated operatioms
in the plant. W®aste water containing formaldehyde can be treated with lime to
reduce its concentration 100-fold in 3 days (72 ).

b. Hyrgiene Aspects

Personal hygiene of workers is important. Frequent washing of exposed
skin, protective clothing and crez=s, and adequate educatioa of workers and
pedical check-ups are recom=endad (20)-

3. Safetrv Measures for Storage of Resins

The slow release of formaldehyde fro= inco—pletely cured resin should
be considered durimg storage. Fire hazards that night generate toxic gases
such as hydrogea cyanide, carbon —xnoxide and asoonia fron the resin should be
prevented.

M. AXALYSIS

The —ethods used for the amalysis of urea-forsaldehyde resins include
paper chro=atography, thin-laver chromatography, and infrared spectropnhoto—
metry ( 78,80,83,85 ). Free forsaidehyde can be analyzed by chenmical zmethods
which ianclude reaction with chromotropic acid, Schiff's reagent, or Purpaléd
(15,85-88).
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ENVIROXMENTAL IMPACT

Fron the available literature it is clear that urea-forraldehyde resins
differ greatly in their corposition, degree of polymerization, and content
of free formaldehvde. The toxicity of the resins on hupans and animals and
the effects on plants, microorganisms and soil organis=s also vary according
to the quantity of free formaldehyde present in the szmple. 1In general, the
eifects of these resins on the envircnment can best be discussed according
to their degree of polymerization.

The highly polymerized resins are versy stable under ordimary conditions.
Since they are not degraded by soil microflora to any apprecizble extent, it
is likely that they probably will persist in the environ—ent even though bio-
accuz=ulatioan studies have not been conducted. This type of resinm is only
broken dowa by incimeration when various gaseous products, such as hydrogen
cyanide, carbon monoxide, carbon dioxide, a==oria, etc., are released depend-
ing on co=bustion conditioas.

The low molecular weight condensation products are very uastable and do not
tend to accumulate in the envirenzent. They are easily decozpos:d especially
under hot huzié weather to release free formaldehyde. Their effects on amicro-
organiscs depend on the proportion of urez and formaldehyde in tre oproduct.
When the quantity of urea is less than that of for—aldehyde, the product has
antibacterial activity due to the slow release of formaldehyde, and has been
applied clinically to treat certain skin infections. When excess urea is
preseat in the product, no harmful effects on microorganises have been observed.
On the coantrary, the product has been used as fertilizer which is degradec
by so0il microfiora to produce soluble nitrogen cocpounds for growing plants.
Thus, the highly polymerized resins are nct degraded and tend to accuzulate
in the environment, whereas the low oolecular weight condensation products
are degraded to release formaldehvde and other nitrogemous cocpounds. If
the product is not confined in a2 limited space, the released formaldehyde
couid be dissipated in open air and washed down and diluted by rainwater. The
nitrog. vus breakdown compounds, if not co=pletely taken up by plants, will be
carried by leaching water teo streams where thev wmay be abscrbed by aquatic or-
ganises and plants and eventually enter into the food chain; however, reports
as to the effects of these resins on aguatic organisss, birds, and wildlife are
not available in the literature.
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RECOXMENDATIONS FOR FURTHER STUDIES

Urea-formaldehyde resins can be regarded as two types of polymers: the
highly polymerized products that are stabie and not considered to be toxic,
and the low molecular weight condensation products that decompose easily to
release formaldehyde. The properties and effects of each are quite different.
Resins produced from different sources coatain various quantities of free
formaldehyde, e.g., MF-17, 297 formaldehyde, UXS, 1.2%. This variation should
be considered when evalvating studies performed by different imvestigators.
Thus, carefully controlled toxicological studies with chemically analyzed
resin samples should be conducted.

The fellowing gaps in toxicological znd eavironmentzl data are listed in
Table IV for both types of resins. The importaat points are:

1. To ascertzin the degree of polymerization and the amount of free
formaldehyde in the resin to be tested, because the content of
formaldehyde affects the toxicity of the recins.

2. To initiate Phase I toxicoiogical studies (see Table I¥). Although
inhalation and der=al studies have been undertaken by Russian in-
vestigators, detailed experimental conditions and controls were not
reperted clearly in their studies, which makes them of limited utiliry.
These investigations were not considered in preparing Table IV.

3. To censider initiation of Phase II and Phase III studies. Studies

assaying reproductive and teratcgenic effects, carcinogenicity or other
chronic diseases are unavailable.
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TABLE IV

GAPS IN TOXICOLOGICAL AND ENVIRONXMENTAL DATA
ON UREA-FORMALDEHYDE RESINS

Phase I:
Acute oral LD5g
Acute inhalation LCsg
Eye irritation -
Skin sensitization
Metabolisp®
Mutagenesis

Wobd g b M

Phase I1:
Subacute inhalation studies X

Phase III:
Chronic inhalation studies
Fertility, reproduction
Teratology
MetabolismP

g b bl M

Environmental Studies:
Effects on aquatic organisas X
Effects on plants®

Effects on domestic animals X

Effects on wildlife X

Biodegradation
:f ?f aHetabolisa wiil incluc. z2bsorption, distribution, excretion, and pharmaco-
= 23 kinetics, using radio-labeled material.

Ofhis will include the iden:tification and possible isolation of any metabolities.

y “Tests should be run if the specific plant receiving the resin has not been
so tested.

A

X oarks indicate that an adequate study has not been undertaken.
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APPENDIX

Infors=ation Sources Examined

Computer Searchable Data Bases

Xational Technical Infor=ation Services {searched on Oct. 5, 1977)
Toxline/Toxzback (searched on Septezder 20, 1977)

Cheuical Condensates (searched on Septesber 27, 1977)

ISI SCISEARCH (searched eon Oct. >, 1977)

Cancerline (searched on October %, 1977)

NIOSE Technical Information Center file (received on Oct. 11, 1977)
Defense Documentation Center (received on Septesber 25, 1977)
Eaviroline (received on Oct. 11, 1977)

Water Resources Scientific Inforzation Center (WKRSIC)
(received on October 6, 1977)

Office of Hazardous Materials/Technical Assistance Datz System
(OEM/TADS) {received on October 6, 1977)

Pollution Abstracts (receivad on Oct. 11, 1977)

AGRICOL: (received on Oct. 17, 1977).
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available in 1976) vere examined.
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